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Abstract: Use of improved seeds (hybrids, transgenic, etc.) in agriculture is a common 
practice in our days. Resulted plants could improve crop yield or to develop in less adequate 
geoclimatic conditions, responding those to challenges raised by global change. However, at now 
there are limited information on potential impact of such plants on soil properties and microbiota. 
Considering that microbiota are key mediators of soil functions and ecosystem processes it is 
important to fulfil such gaps. The objective of this study was to identify if different genetic varieties 
of Cherry tomato (Solanum lycopersicum), grown in same conditions, could influence root exudates 
(mainly carbohydrates) and rhizosphere microbiota profile. Randomized complete block rhizo-box 
experiment was performed with identic soil under similar growing conditions of genetic varieties 
Cherry tomatoes. PLFA and carbohydrates were analysed on GC-FID. In soil where tomatoes were 
grown the total PLFA amount was approximately two times higher compared with that detected from 
control (669.1 nmolg-1), which means that tomato root rhizosphere and exudates could influence soil 
microbiota. The average value of total PLFA for heirloom varieties was 1575.5 nmolg-1 while for 
hybrid varieties was 1269.4 nmolg-1. ANOVA test revealed significant differences between genetic 
type varieties of Cherry tomato (Solanum lycopersicum) rhizosphere microbiota community 
structure. Gram-positive, gram-negative bacteria and fungi abundance decreased in hybrid Cherry 
tomato varieties rhizosphere soils. Decreases in microbial and fungi community abundance may be 
related with decrease in carbohydrates content following with grown of different genetic hybrid 
varieties of Cherry tomato where some species exudates are reduced in essential carbohydrates 
content.  
 





Global change, including climate change and increase of global demand due to human 
population grown has led in requirement to find new solutions for agricultural products yield 
maintaining and their quality assurance. Often these resulted either in intensive agricultural 
management practices or in change of plant properties (hybrids, genetically modified 
species, etc.). Thus, agronomic practices and applied management to soils are recognized as 
the major anthropogenic activities that change soil physical, chemical, and biological 
properties (Jiang et al., 2011). Such changes were reported frequently as negative (Spedding 
et al., 2004; Vargas Gil et al., 2011; Faust et al., 2017; Zhang et al., 2018).  
Soil microbiota is key mediator of important physicochemical and biochemical processes in 
soil, thus influencing significantly ecosystem processes. They are main drivers of soil 
formation, nutrient cycling and organic matter turnover (Sotomayot-Ramirez et al., 2009; 
Shi et al., 2013). Microbiota structure and abundance vary with soil characteristics and 
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properties (Morugan-Coronado et al., 2019), climate conditions (Bai et al., 2017) and plant 
cover (Dunfield and Germida, 2001) but also with agronomic practices (Shi et al., 2013).  
Plant-microbiome interactions are complex and interdependent. Plant roots are the major 
source of nutrients for soil microbiota because they release sloughed cells, secretions and 
organic exudates as carbohydrates, carboxylic acids and amino acids into soil which are 
feeding substrate for soil belowground biota. These make soil in close enough proximity to 
the root (rhizosphere) a dynamic area with specific physicochemical and biochemical 
properties that attract microorganisms (Naylor and Coleman-Derr, 2018). Microorganisms 
are recognized as having also important role in maintaining plant health and development 
through their involvement in supplying available nutrients for plant uptake, release of 
hormones, neutralizing toxic substances, etc.  
Potential shifts in microbiota structure and functioning as a consequence of changes or 
alteration in root exudates will influence plants. Changes in agricultural management 
practices applied to soil as well changes of plant cover often resulted in detrimental effects 
on soil microbiota community structure and abundance (Kong and Six, 2012). There are 
several studies revealing that intensive tillage and inputs of fertilizers impacted negatively 
soil microbial diversity and community structure with change in bacterial - fungal ratio and 
gram positive – gram negative bacteria ratio which lead in change of soil physicochemical 
and biochemical properties (Wang et al., 2017; Zhang et al., 2019). Fernandez et al. (2016) 
highlight that cover crops could change microbiota structure and abundance, those in the 
time of corn growth the alpha diversity was lower compared with others growth as winter 
rye, oilseed radish and buckwheat, that increased it. Studies on genetically modified plants 
addressed mainly aboveground effects of soil ecosystem (Liu, 2010). Though, studies on 
transgenic plants performed by Liu et al., (2005) revealed changes on the chemical 
composition of root exudates but minor results were presented on how this influence 
microbial community structures. Liu (2010) have evidenced that long term cultivation period 
of transgenic plants may impact the diversity of arbuscular mycorrhizal fungi. However, at 
moment there are little information on if different genetic types of same plant species as 
heirlooms and hydrides have any influence on soil microbiota community structure and 
abundance. The objectives of this study were to identify root organic exudates differences 
between native and hybrid tomatoes species and secondly, to assess how soil microbiota 
community structure and abundance will vary between these tomato varieties.  
 
MATERIAL AND METHODS 
 
Experimental set-up: Rhizo-box experiment was performed with identic soil under 
similar growing conditions. In this study, different genetic types of Cherry tomato (Solanum 
lycopersicum) varieties as Chadwick (heirloom), Sweetie (heirloom), Cherry Belle F1 
(hybrid) and Kumato Cherry F1 (hybrid) were used. The experiment design was a 
randomized complete block with three replicates and one control. Dark color rhizo-box with 
dimensions of 40 cm in diameter and 30 cm in depth were used in order to exclude light-
derived influences on root growth behavior and bulk soil and rhizosphere microbiota. Five 
tomato seeds were sown at a depth of 1 – 3 cm directly into each rhizo-box and thinned to 
one plant per rhizo-box after germination. Tomato plants were grown in climatic controlled 
chamber in laboratory until harvest. Each rhizo-box was watered so that to maintain 50 % 
water holding capacity. No additional fertilizers were used toward to avoid changes in soil 
properties that could influence rhizobiota.  
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PLFA and NLFA extraction and analysis: Phospholipid derived fatty acids (PLFA) 
and neutral lipid derived fatty acids (NLFA) were extracted from rhizosphere and bulk soil 
according with method described by Frostegard (1993) and Buyer (2012). Extraction were 
performed on two gram of soil using Bligh-Dyer reagents. The organic phase of extract was 
used to fractionate neutral lipids and phospholipids using a silicic acid column. Eluted lipids 
were subjected to mild alkaline methanolysis after that the resulting fatty acid methyl esters 
were analyses on an Agilent 7890 A gas chromatograph equipped with a flame ionisation 
detection system (FID). Identification and quantification of fatty acid methyl esters was done 
with Sherlock MIDI (Microbial ID, Inc., Newark, DE). Briefly iso and anteiso branched fatty 
acids were use as biomarker for gram negative bacteria, monounsaturated fatty acids, and 
cyclopropyl 17:0 and 19:0 fatty acids were used as biomarkers for gram negative bacteria, 
10 methyl 16:0 and 10 methyl 18:0 fatty acids were used as biomarkers for actinomycetes, 
fungi were identified with 18:2 6 cis fatty acid and arbuscular mycorrhizae using 16:1 5 
cis fatty acid. Fatty acids were named according to the ω-designation described as follows: 
fatty acids are expressed as total number of carbon atoms with number of double bonds 
followed by the position of the double bond from the methyl end () of the molecule. With 
“a” and “i” are expressed anteiso and isobranching fatty acids respectively, while cy refers 
to cyclopropane fatty acids. 10Me represent a methyl group on the 10th carbon atom from 
the carboxyl end of the molecule (Buyer et al., 2010).  
Carbohydrates analysis: Carbohydrates of rhizosphere and bulk soil was done 
according with method described by Mechri et al., (2014) and Medeiros and Simoneit 
(2007). Briefly, 10 g of soil were extracted with dichloromethane:methanol (1:1, v/v). 
Trimethylsilyl ether were obtained after trimethylsilylation reaction with anhydrous 
pyridine:hexamethyldisilazane:trimethylchlorosilane mixture (10:5:1). Obtained extracts 
trimethylsilyl derivates of carbohydrate were determined on gas chromatograph (Agilent 
7890 A) equipped with a flame ionisation detection system (FID) using a HP-5 MS column. 
Oven temperature program was set at 80 C followed by an increase with 15 Cmin-1 at 220 
, hold for 3 minutes and continued with an increase of 25 Cmin-1 at 300 C, and maintained 
at this final temperature for 5 minutes. Injector temperature was set at 280 C and of detector 
at 320 C, respectively.  
Statistical analysis: Obtained data with measurement of PLFA biomarker fatty acids 
and rhizosphere and bulk soil carbohydrates were statistically analysed using Statistica 
software version v.6. One-way Analysis of Variance was used to test the statistical 
significance of different genetic types of Cherry tomato (Solanum lycopersicum) influence 
on rhizosphere microbial community structure. Further one-way ANOVA with Tukey’s 
HSD, Fisher LSD and Duncan tests were used to test the statistical significance of genetic 
varieties on microbiota community structure abundance.  
  
RESULTS AND DISCUSSIONS 
 
Microbial biomarker fatty acids: Total PLFA median value (nmolg-1) of studied 
Cherry tomato (Solanum lycopersicum) varieties rhizosphere and bulk soil ranged between 
1262.7 – 1673.6 nmolg-1. In soil (sum of rhizosphere and bulk soil) where tomatoes were 
grown the total PLFA amount was approximately two times higher compared with that 
detected from control (669.1 nmolg-1). The average value of total PLFA for heirloom 
varieties was 1575.5 while for hybrid varieties was 1269.4. For all genetic type species rhizo-
boxes, the amount of total PLFA was higher in rhizosphere than in bulk soil (Figure 1).  





Fig. 1. Total PLFA differences between bulk and rhizosphere soils for studied Solanum 
lycopersicum genetic varieties 
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14:0 9.2 12.1 10.9 15.2 11.2 15.2 11.9 8.8 7.5 
15:0 10.2 7.8 9.5 9.1 8.5 8.2 6.9 7.7 7.0 
16:0 91.7 118.2 98.5 161.8 125.4 100.5 87.7 105.5 89.5 
17:0 3.8 4.9 4.2 2.1 1.4 2.8 1.5 3.1 2.3 
18:0 29.1 32.1 28..4 38.2 35.1 30.2 18.3 27.5 20.2 
20:0 2.5 4.2 1.8 3.5 2.6 3.8 1.9 2.2 0.9 
i15:0 14.2 11.2 12.9 12.1 12.8 6.8 6.2 7.1 6.3 
a15:0 11.2 9.4 9.5 11.0 8.6 7.1 6.8 8.9 7.5 
i16:0 16.5 14.8 13.2 15.2 13.8 13.8 11.1 13.1 12.3 
10Me16:0 55.2 67.9 60.8 81.6 72.1 56.9 50.1 60.1 49.8 
i17:0 10.8 17.8 14.4 15.2 14.9 14.9 11.8 13.7 9.7 
a17:0 6.9 10.6 8.3 11.4 9.2 9.2 7.7 9.5 8.6 
16:1w7 5.9 8.3 7.2 9.5 8.8 3.8 2.9 4.4 3.5 
cy17:0 28.4 37.1 35.6 42.6 38.1 22.5 17.6 25.3 20.2 
18:1w7 92.5 112.5 105.5 131.5 128.5 87.2 72.5 90.2 81.1 
cy19:0 22.8 31.5 30.2 35.2 28.7 25.4 24.1 27.1 25.9 
18:2w6 30.9 34.1 33.5 36.9 34.1 27.9 22.5 21.7 19.9 
18:1w9 27.3 46.8 40.1 49.5 38.2 35.9 29.1 37.8 30.2 
 
Median value of representative fatty acids from bulk and rhizosphere soil for all 
variety of Cherry tomato (Solanum lycopersicum) and control soil are given in Table 1. 
Excepting case of 15:0, i15:0, a15:0, i16:0, which are also indicative of Gram-positive 
bacteria, all measured fatty acids were higher in tomato grown box (either heirloom or hybrid 
varieties) compared with control. Between studied genetic types of cherry tomatoes minor 
differences were observed in case of PLFA 17:0 (RSD: 1.7), a17:0 (RSD: 1.5), 20:0 (RSD: 
1.1) while highest was for PLFA 16:0 (RSD: 25.8), 18:17 (RSD: 23.1), 10Me16:0 (RSD: 
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11.8) cy17:0 (RSD: 9.4), 18:0 (RSD: 7.7), 18:19 (RSD: 7.2), 18:26 (RSD: 6.3). Most of 
these PLFA are indicative for Gram-negative bacteria, actinomycetes and fungi.  
Microbial community structure in different genetic type Solanum lycopersicum 
rhizosphere: In all rhizo-box experiments the microbiota community structure was 
distributed between bacteria (Gram positive, Gram negative, Methanotrophs, Anaerobes, 
Actinomycetes), fungi (Arbuscular mycorrhizal fungi) and eukaryote (Figure 2).  
 
Fig. 2. Microbiota community structure distribution in rhizoboxes of the four Cherry 
tomato varieties. Results in pie graphs are expressed in nmolg-1. a.) Chadwick 
(heirloom) rhizosphere; b.) Cherry Belle F1 (hybrid) rhizosphere; c.) Sweetie (heirloom) 
rhizosphere; d.) Kumato Cherry F1 (hybrid) rhizosphere 
 
 
Fig. 3. Fungi communities’ differences in rhizosphere of different genetic varieties of 
Cherry tomato 
 
Bacteria were determined in higher amount in all variety’s rhizosphere (71.2 – 74.5 
%) followed by fungi (5.8 – 14.4 %). Eukaryotes amount was insignificant, less than 0.5 % 
in all samples. However according with Tukey’s HSD, Fisher LSD and Duncan tests 
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significance according between genetic varieties was observed (Table 2). Unidentified 
PLFA amount was comprised between 13.8 – 20.5 %.  
Between fungi, those arbuscular mycorrhizal were predominant their abundance 
being even with 20 time higher than for other fungi. Also, they showed significant 
differences between genetic type varieties rhizosphere. Similar differences were obtained 
also for the rest of fungi (Figure 3).  
 
Table 2 
Statistical significance of rhizosphere microbial community structure variation with different 





















6.842 No 40.941 No No 




6.224 Yes 34.022 Yes Yes 




6.085 Yes 0.913 Yes Yes 




15.901 Yes 1.983 Yes Yes 




11.435 Yes 41.521 Yes Yes 




6.227 No 7.934 No No 




17.559 No 5.022 No No 




8.52 Yes 3.156 Yes Yes 




7.175 Yes 0.513 Yes Yes 
 
 
Fig. 4. LS means computed with ANOVA according with differences induced by genetic 
varieties of Cherry tomato on rhizosphere microbial community structure 
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Generally, according with ANOVA test Cherry tomato Solanum lycopersicum 
genetic varieties influence rhizosphere community structure and abundance (Table 2). No 
significance was obtained only in case of unidentified PLFA, and anaerobe and 
methanotroph bacteria. Analysis of the differences between the categories were performed 
with a confidence interval of 95 % for all test performed (Tukey HSD, Fisher LSD and 
Duncan). The least square means (LS means) computed with ANOVA illustrating the 
differences between measured data for microbial community structure influenced by genetic 
varieties of Cherry tomato is given in Figure 4. 
Carbohydrates in rhizosphere and bulk soil: Carbohydrates are a considerable 
constituent of soil organic matter, it varying usually between 5 to 25 %, depending on soil 
(Ratnayake et al., 2013). Their primary source in soil is plant biomass including above- and 
belowground litter. Carbohydrates are decomposed by soil microbiota into metabolizable 
compounds, which represent the most significant readily available food for soil organisms. 
Thereby, plant derived carbohydrates as arabinose and xylose represent the major carbon 
and energy source for soil microbiota. Consequently, microorganisms synthetize galactose, 
mannose, fructose and rhamnose and release them into soil as available fractions for other 
organisms (Guggenberger et al., 1994).  
The most prevalent carbohydrates in rhizosphere soil of the four genetic variety of 
Cherry tomato (Solanum lycopersicum) were as follows: glucose > ribose > xylose > 
arabinose > maltose > mannose > sucrose > galactose. The average value of predominant 
carbohydrates from Cherry tomato varieties rhizosphere are given in Figure 5. Significant 
differences between heirloom and hybrid varieties of Cherry tomato (Solanum lycopersicum) 
rhizosphere carbohydrate was obtained in case of glucose and ribose. For both carbohydrates 
the amount decreased in hybrid varieties rhizosphere compared with that measured in 
heirloom varieties rhizosphere. Usually, carbohydrates accumulated in sand fractions are 
attributed as plant derived while the ones concentrated in clay fraction of soil are assigned 
to that microbial derived (Ratnayake et al., 2013; Guggenberger et al., 1994). In our study 
glucose, arabinose and xylose were the prevalent plant derived carbohydrates, while 
mannose, galactose, ribose and glucose were attributed mainly as microbial origin 
carbohydrates (Figure 6). Galactose was attributed as totally microbial derived carbohydrate 
(≥ 93.1 %) and xylose as totally plant derived carbohydrate (≥ 96.7 %) because these were 
detected only in corresponding soil fractions.  
 
 
Fig. 5. Representative carbohydrates average values (ngg-1 soil) in Cherry tomato varieties 
rhizosphere 
Agricultura                                                                                           no. 1 –2 (109-110)/2019                                                                                       Agriculture  
 
147 
Genetic type of different genetic type of Solanum lycopersicum influence fungi 
community’s and some bacteria abundance: Changes in the rhizosphere microbiota 
communities’ profile and abundance was evident when the PLFAs patterns of samples from 
different genetic varieties of Cherry tomato grown were compared (Figure 2, Table 2). Shifts 
in PLFA communities’ structure due to decrease in bacterial indicators, especially the 
terminally branched saturated fatty acid, the monounsaturated PLFA 16:17 and 
cyclopropyl PLFA cy17:0 (Table 1) reveal a decrease in Gram-positive and Gram-negative 
bacteria, which was confirmed through measured and computed data (Table 1, Table 2, 
Figure 4). Similar was in case of fungi, arbuscular mycorrhizal and other fungi (Figure 3). 
According with literature (Mechri et al., 2014; Kapoor et al., 2000; Toljander et al., 2007) 
the reason of such decrease in microbial community abundance may be related with decrease 
in carbohydrates content (Figure 5, 6) following with grown of different genetic varieties of 
Cherry tomato where some species exudates is reduced in essential carbohydrates content. 
Such change could be attributed to the carbon uptake by fungi in order to support their 
increased metabolism (Mechri et al., 2014). Usually exudates from hybrid varieties roots 
rhizosphere soil were lower in carbohydrates, suggesting that carbohydrates are redirected 
toward fungi, thus bacterial community composition and abundance was influenced by lower 
availability of soluble di- and oligosaccharides amounts from exudates. We could conclude 
that change in amount and distribution of carbohydrates in Cherry tomato Solanum 
lycopersicum rhizosphere influence the rhizosphere microbiota structure and abundance due 
to species differences in ability to metabolize and compete for carbon from different sources 
when carbohydrates decrease.  
 
Fig. 6. Percentage distribution of microbial and plant derived representative carbohydrates in Cherry 
tomato varieties rhizosphere 





In all rhizobox experiments the microbiota community structure was distributed 
between bacteria (Gram positive, Gram negative, Methanotrophs, Anaerobes, 
Actinomycetes), fungi (Arbuscular mycorrhizal fungi) and eukaryote. In soil (sum of 
rhizosphere and bulk soil) where tomatoes were grown the total PLFA amount was 
approximately two times higher compared with that detected from control (669.1 nmolg-1). 
The average value of total PLFA for heirloom varieties was 1575.5 while for hybrid varieties 
was 1269.4. For all genetic type species rhizo-boxes, the amount of total PLFA was higher 
in rhizosphere than in bulk soil. Genetic varieties of Cherry tomato influence the rhizosphere 
microbiota community structure and abundance, which was confirmed also by ANOVA 
Tukey’s HSD, Fisher LSD and Duncan tests. Usually lower abundance was determined in 
rhizosphere of hydride varieties. This could be a consequence of that exudates from hybrid 
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